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 Aditivos alimentares constituídos por microrganismos vivos, uma vez 
introduzidos na dieta podem influenciar beneficamente o hospedeiro, por meio 
do balanço da microbiota intestinal. Nesse sentido, objetivou-se avaliar os 
coeficientes de digestibilidade aparente (CDA) dos nutrientes e energia 
metabolizável (EM) da dieta, características fecais e produtos da fermentação 
intestinal de cães suplementados com Bacillus subtilis e Bacillus licheniformis. 
Foram utilizados 16 cães adultos da raça Beagle, os quais foram distribuídos 
inteiramente ao acaso, em dois tratamentos: controle e dieta com 62,5 g de 
probiótico/ton. Os animais passaram por um período de 20 dias de adaptação 
às dietas, seguidos por cinco dias de coleta total de fezes. As características 
fecais foram avaliadas por meio de matéria seca, escore, odor, ácido siálico, 
pH, amônia, ácidos graxos de cadeia curta e ramificada, aminas biogênicas, 
fenóis e indóis. Não houve diferença na digestibilidade dos nutrientes (P>0,05). 
Contudo, a suplementação com probiótico melhorou a consistência das fezes, 
bem como diminuiu o odor fecal, tanto para as amostras frescas quanto após 6 
horas de defecação (P<0,001). Também houve redução (P<0,05) na 
concentração das aminas biogênicas: putrescina, espermidina e cadaverina, 
nos fenóis e quinolina, com a inclusão do probiótico. O uso de B. subtillis e B. 
licheniformis reduz a concentração de produtos de fermentação nitrogenada 
nas fezes e o odor fecal de cães. 
 
Palavras-chave: aminas biogênicas; consistência fecal; funcionalidade 






















Food additives made up of living microorganisms once introduced into the diet can 
beneficially influence the host the balance of the intestinal microbiota. In this sense, 
the objective was to evaluate the digestibility on the apparent digestibility coefficients 
of nutrients and diet metabolizable energy, fecal characteristics and intestinal 
fermentation products of dogs supplemented with Bacillus subtilis and Bacillus 
licheniformis. Sixteen adult Beagle dogs were used and distributed entirely randomly 
in two treatments: control and diet with 62.5 g probiotic / ton. The animals went 
through a period of 20 days of adaptation to diets, followed by five days of total feces 
collection. Fecal characteristics were evaluated by dry matter, score, odor, sialic acid, 
pH, ammonia, short chain and branched fatty acids, biogenic amines, phenols and 
indoles. There was no difference in nutrient digestibility (P> 0.05). However, probiotic 
supplementation increased stool consistency as well as decreased fecal odor for 
both fresh samples and after 6 hours of defecation (P <0.001). There was also a 
reduction (P <0.05) in the concentration of biogenic amines: putrescine, spermidine 
and cadaverine, in phenols and quinoline, with the inclusion of probiotic. The use of 
B. subtillis and B.licheniformis reduces the concentration of nitrogenous fermentation 
products in faeces and fecal odor in dogs. 
 
Key-words: biogenic amines; fecal consistency; intestinal functionality; intestinal 
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 A saúde e o bem-estar dos animais de companhia dependem, além de outros 
fatores, do equilíbrio da microbiota intestinal. Alterações na microbiota intestinal 
colônica podem levar ao desenvolvimento de doenças, distúrbios gastrintestinais, 
toxicidade, alergias e estresse (LEE et al., 2014). 
Dentre as bactérias que compõem a microbiota intestinal, os microrganismos 
proteolíticos podem fermentar compostos nitrogenados que não foram absorvidos 
(HUSSEIN et al., 1999). A partir dessa fermentação, há a formação de catabólitos 
como as aminas biogênicas, fenóis, indóis e amônia, os quais aumentam o pH do 
cólon e favorecem o desenvolvimento de microrganismos com potencial patogênico 
(VAINSHTEIN, 2014). Isso pode acarretar em disbiose (condição de desequilíbrio da 
microbiota intestinal) e assim afetar a funcionalidade intestinal de maneira negativa, 
favorecendo processos inflamatórios, além de piorar o odor fecal dos cães 
(WOLLOWSKI et al., 2001; SWANSON et al., 2002). 
 Dessa forma, probióticos específicos ou suas combinações, estão cada vez 
mais sendo utilizados na nutrição canina. Esses aditivos podem ser definidos como 
colônias de microrganismos vivos que, ao serem suplementados na dieta, atuam 
positivamente no equilíbrio da microbiota intestinal de seu hospedeiro, em favor dos 
microrganismos considerados benéficos (FELICIANO, 2008; FÉLIX et al. 2010).  
 A suplementação de probióticos na dieta de animais monogástricos pode ser 
recomendada a fim de auxiliar na manutenção da estabilidade e no restabelecimento 
da microbiota intestinal com potencial benéfico, como também após desequilíbrios 
causados por estresse (FERNANDES et al., 2000). Ainda, outros estudos têm 
demonstrado efeitos positivos dos probióticos sobre as características fecais de 
cães, como a redução no odor das fezes, melhoria no quadro de diarréia utilizando 
Bacillus subtilis (C-3102), ao adicionar 0.5g/100g (PAAP et al., 2016) e aumento da 
consistência fecal suplementando 0.01g/100g (FÉLIX et al., 2010). 
 O Bacillus licheniformis e Bacillus subtilis são exemplos de probióticos que 
podem ser utilizados na nutrição canina. Esse gênero de bactéria apresenta 
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vantagens sobre os demais por possuir maior estabilidade durante o 
armazenamento do alimento e resistência ao pH do estômago e sais biliares, pelo 
fato de ser comercializado em sua forma esporulada (BIOURGE et al., 1998). Assim, 
conferindo maior viabilidade no alimento, resistência ao pH ácido do estômago e 
sais biliares (HOA et al., 2000, COPPOLA e TURNÊS, 2004, FÉLIX et al., 2010). 
 Sendo assim, serão discutidos neste trabalho os principais aspectos do uso 
desses probióticos na nutrição canina e o que sua utilização pode acarretar na 























2. REVISÃO BIBLIOGRÁFICA  
 
2.1 PRODUTOS DE FERMENTAÇÃO INTESTINAL 
 
O lúmen intestinal possui um conjunto complexo e dinâmico de 
microrganismos, denominado microbiota intestinal (HAMER et al., 2011). A 
microbiota intestinal desempenha um papel importante na fisiologia do intestino, 
sendo responsável por diversas funções: metabolismo e fermentação dos nutrientes 
que não foram absorvidos, prevenção da colonização por potenciais patógenos – por 
meio da produção de substâncias antimicrobianas, competição por nutrientes e sítios 
de ligação no epitélio intestinal (NRC, 2006). 
As bactérias que compõem a microbiota intestinal podem fermentar alguns 
nutrientes que não foram absorvidos no lúmen do intestino, como os aminoácidos, 
por meio de desaminação, desaminação-descarboxilação e/ou descarboxilação 
(HUSSEIN et al., 1999), formando assim outros compostos. A partir dessa 
fermentação, há a formação de catabólitos de aminoácidos, como a amônia, aminas 
biogênicas, ácidos graxos de cadeia ramificada (AGCR), compostos contendo 
enxofre, fenóis e indóis (HENDRIKS et al., 2012). Em excesso, grande parte desses 
catabólitos pode influenciar a funcionalidade intestinal de maneira negativa, 
contribuindo para processos inflamatórios, como a colite, carcinogênese do cólon, 
bem como interferir no odor fecal - deixando as fezes mais fétidas (WOLLOWSKI et 
al., 2001; SWANSON et al., 2002). 
 O aumento no fluxo de compostos nitrogenados que chegam ao cólon fornece 
substratos fermentativos para microrganismos com potencial patogênico, como 
algumas espécies do gênero Clostridium spp (BARRY et al., 2010), podendo 
contribuir com a disbiose. 
 As aminas biogênicas são compostos nitrogenados formados principalmente 
por meio da descarboxilação de aminoácidos livres por fermentação, decomposição, 
processos de putrefação (SANTOS, 1996) ou por aminação e transaminação de 
aldeídos e cetonas (SPANO et al., 2010). Sendo a histamina, putrescina, 
cadaverina, tiramina, triptamina, β-feniletilamina, espermina e espermidina 
consideradas as mais importantes aminas biogênicas formadas (SHALABY, 1996). 
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Algumas bactérias gram-negativas com potencial patogênico, por exemplo, a 
Escheria coli e Pseudomonas sp., foram descritas como capazes de produzir a 
enzima descarboxilase, resultando na formação das aminas biogênicas (COSTA et 
al., 2018).  
 A concentração de amônia no lúmen do intestino grosso é principalmente 
resultado da desaminação de aminoácidos por microrganismos no intestino (DAVILA 
et al., 2013). Quando em altas concentrações, além de serem tóxicas à mucosa, 
podem promover o desenvolvimento de tumores (LIN e VISEK, 1991).  
 A degradação de aminoácidos aromáticos (fenilalanina, tirosina, triptofano) 
pela microbiota intestinal pode produzir fenóis e indóis (BONE et al., 1976; DAVILA 
et al., 2013). Dentre os metabólitos gerados a partir desses compostos (aminas 
biogênicas, fenóis, indóis) que, ao favorecerem a produção de substratos para 
bactérias com potencial patogênico, podem contribuir para a carcinogênese de cólon 
(NOWAK et al., 2006). Os AGCR: isobutirato, 2-metilbutirato e isovalerato se 
originam exclusivamente da quebra de proteínas (MORTENSEN et al., 1996), sendo 
compostos derivados de valina, isoleucina e leucina, respectivamente 
(MACFARLANE et al., 1991). Quando em excesso, podem causar efeitos adversos à 
funcionalidade intestinal, além de piorar o odor das fezes (HUSSEIN et al., 1999). 
 Por outro lado, existem compostos produzidos por meio da fermentação 
bacteriana, que podem desempenhar um papel vital na manutenção da integridade e 
metabolismo do cólon. Exemplos disso são os ácidos graxos de cadeia curta 
(AGCC), incluindo principalmente o acetato, butirato e propionato, os quais são 
rapidamente absorvidos pelo epitélio intestinal (SIMPSON, 1998). 
 Os principais substratos para a produção de AGCC são as fibras dietéticas e 
amido resistente (LAPARRA et al., 2010; DAVILA et al., 2013). Geralmente as fibras 
solúveis tendem a ser moderadamente fermentáveis pelos microrganismos do cólon 
resultando na produção de AGCCs, que são conhecidos por fornecerem energia aos 
colonócitos, reduzirem o pH luminal limitando assim, o crescimento de potenciais 
patógenos (ALEXANDER et al., 2019). Dietas com fibras fermentáveis favorecem 
maior concentração de Lactobacillus spp. e redução na população de 




Já o amido resistente, por ser um alimento fermentado no intestino grosso 
principalmente pelas bifidobactérias, durante sua fermentação, produz AGCC 
(principalmente o butirato), que contribui para a saúde do cólon, inibindo o 
surgimento de células cancerígenas devido à redução do pH no intestino grosso 
(PEREIRA, 2007).  
 Dentre os AGCC, o butirato é o principal substrato energético utilizado pelos 
colonócitos (BJERRUM et al., 2006), suprindo de 70 a 90% das necessidades 
energéticas dessas células (COOK e SELLIN, 1998) ele está envolvido também na 
proteção contra colite ulcerosa (BOSCH et al., 2008). Os AGCC, em geral, são 
capazes de reduzir o pH intestinal, tendo assim, uma capacidade bactericida contra 
bactérias sensíveis ao pH ácido (KNARREBORG et al., 2002). Além disso, a 
produção de AGCC estimula a absorção de água e eletrólitos além de aumentar a 
taxa de absorção de sódio, o que é responsável pela maior parte de água absorvida 
no lúmen intestinal (HERSCHEL et al., 1981; GUARNER e MALAGELADA, 2003), o 
que pode influenciar na consistência das fezes. Os principais produtos de 
fermentação intestinal estão apresentados na Tabela 1. Entre as ferramentas que 























Existem várias definições para o termo probiótico. Essa expressão foi introduzida 
pela primeira vez por LILLY e STIILWELL (1965) para designar substâncias 
produzidas por meio de protozoários que estimulavam o crescimento de outros 
microrganismos. Posteriormente, PARKER (1974) os denominou como suplementos 
alimentares adicionados à dieta, incluindo microrganismos e substâncias que 
contribuem para o equilíbrio da microbiota intestinal. Por sua vez, FULLER (1989) 
definiu o termo probiótico como um suplemento alimentar com microrganismos 
vivos que afetam beneficamente o animal hospedeiro por meio do equilíbrio 
microbiano intestinal, conceito comumente utilizado pela comunidade científica. 
Além disso, existem alguns critérios para que um microrganismo seja 
considerado probiótico efetivo, como resistência à passagem através do trato 
gastrintestinal (GIRAFFA et al., 2010); aderência às superfícies epiteliais; atividade 
antagônica para patógenos intestinais e não apresentar histórico de 
patogenicidade (KOMATSU et al., 2008). 
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Quanto à nomenclatura, alguns microrganismos utilizados como probióticos não 
atendem completamente a definição e por isso alguns autores preferem utilizar o 
termo direct-fed microbial (DFM). O DFM foi definido pela Food and Drug 
Administration dos EUA (FDA) como um produto alimentar que contém a fonte de 
micróbios vivos naturalmente existentes. Como exemplo, cabe citar os 
microrganismos do gênero Bacillus, os quais embora haja relatos dos efeitos 
benéficos sobre a funcionalidade intestinal, são bactérias do solo, não sendo 
inerentes do trato gastrintestinal de animais e não apresentando a capacidade de 
formar colônias no intestino (transientes). Desse modo, não atendem completamente 
a definição de probiótico.   
 
2.3 PROBIÓTICOS NA ALIMENTAÇÃO DE CÃES 
 
Diversos alimentos comerciais destinados aos cães contêm altos níveis proteicos 
em sua formulação e dependendo de suas fontes (valor biológico ou digestibilidade), 
pode resultar no aumento de compostos nitrogenados não digeridos no cólon, os 
quais podem ser substratos para o desenvolvimento de microrganismos 
indesejáveis. Dessa forma, podem contribuir para formação de compostos 
putrefativos como amônia, aminas biogênicas, AGCR, compostos contendo enxofre, 
fenóis e indóis. Esses compostos são apontados como os principais componentes 
de mau odor das fezes, bem como podem ter influências indesejáveis na 
funcionalidade intestinal devido à sua toxicidade e ao favorecer a sobrevivência de 
bactérias com potencial patogênico (SWANSON et al., 2002; ZENTEK et al., 2003; 
SUCHODOLSKI, 2011; CELI et al., 2019). Nesse sentido, a busca por estratégias 
nutricionais que visem melhorar a funcionalidade intestinal e a qualidade das fezes 
dos cães estão sendo cada vez mais estudadas. Sendo assim, a suplementação de 
aditivos alimentares, como os probióticos, enseja importante ferramenta na busca da 
melhora dessas características. 
Considerando a importância da microbiota intestinal e a ação das bactérias sobre 
a manutenção do funcionamento do intestino, os probióticos podem ser utilizados 
em qualquer situação ao longo da vida para manter ou restabelecer a eubiose, 
condição de equilíbrio da microbiota intestinal (FURLAN et al., 2004).  
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Entre os gêneros de probióticos mais utilizados na alimentação de cães, 
destacam-se os produtores de lactato: Lactobacillus e Bifidobacterium. Entretanto, a 
utilização de bactérias do gênero Bacillus apresenta vantagens sobre as demais 
para elaboração de probióticos. A principal delas, é a sua capacidade de esporular, 
que lhes confere maior resistência ao passar pelo pH ácido do estômago (HOA et 
al., 2000, COPPOLA e TURNÊS, 2004, FÉLIX et al., 2010) o que não acontece em 
espécies de Lactobacillus (TUOHY et al., 2007). Essa característica, na prática, 
traduz-se em garantir maior estabilidade desse probiótico ao meio durante a 
elaboração, transporte e armazenamento das rações (BIOUGE al., 1998, GIL 
TURNES et al., 1999).  
2.4 PRODUÇÃO DE ESPOROS BACTERIANOS PELOS BACILLUS 
  
      Os esporos bacterianos são produzidos na natureza como um meio de 
sobrevivência às condições ambientais extremas, que poderiam ser fatais para 
bactérias que não possuem tal capacidade. Esse mecanismo confere grande 
resistência ao microrganismo, como: às altas temperaturas (até 100 °C); ionização; 
radiação; solventes químicos; detergentes e enzimas hidrolticas (NICHOLSON et al.,  
2000). Esse processo de resistência ocorre quando há uma inanição nas imediações 
da célula bacteriana ou em condições adversas, como altas temperaturas, pH do 
meio, restrição hídrica. Frente à essa situação, a bactéria entra em um programa de 
desenvolvimento que resulta na produção de um esporo. O endósporo é formado 
por um mecanismo que envolve divisão celular assimétrica, seguido por 






Figura 1. Principais etapas do ciclo de esporulação do Bacillus subtillis. Adaptado de 
ERRINGTON (2003). 
       
       O gênero Bacillus compreende microrganismos gram-positivos, anaeróbios 
facultativos, formadores de endósporos que podem ser isolados do solo ou plantas 
de todo o mundo (SNEATH, 1986). Como os solos ou plantas são variáveis em 
termos de disponibilidade de nutrientes, temperatura e pH, a esporulação é um 
processo fundamental para sua sobrevivência. Muitas bactérias formadoras de 
endósporos são utilizadas na indústria e medicina, sendo responsáveis pela 
produção de grande porção das enzimas industriais do mercado mundial, como 
também podem ser importantes agentes de biocontrole na agricultura (NICHOLSON 
et al., 2000, ERRINGTON, 2003).  
Os Bacillus são capazes de excretar ou sintetizar diversas enzimas proteolíticas 
durante a sua fase de crescimento ou esporulação (VITKOVIC e SADOFF, 1977). 
Em algumas espécies é reconhecida a produção de antibióticos (Bacillus subtilis, 
Bacillus licheniformis, Bacillus cereus), a nitrificação e desnitrificação (Bacillus 
licheniformis, Bacillus cereus, Bacillus azotoformans) (SOUTO et al., 2004). 
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Essas espécies formadoras de esporos produzem substâncias antagonistas ao 
desenvolvimento de microrganismos com potencial patogênico - diretamente pela 
modulação da microbiota intestinal ou fortalecendo o sistema imunológico do 
hospedeiro. Ainda, esses microrganismos podem agir após a excreção, ao 
produzirem enzimas que degradam a matéria orgânica das fezes, reduzindo a 
produção de amônia (VAINSHTEIN, 2014).  
Dentre as várias espécies de Bacillus para a produção de endósporos, 
destacam-se o Bacillus licheniformis e Bacillus subtilis, sendo os mais utilizados 
como probióticos para animais (CASULA et al., 2002). A utilização dessas espécies 
em alimentos extrusados destinados aos cães pode ser viável devido à sua 
capacidade de esporulação – o que garante que esses microrganismos alcancem o 
intestino sem perder sua eficiência. O fato de o gênero Bacillus pertencer às 
bactérias transitórias da microbiota intestinal dos cães (SCOTT; MILLER; GRIFFIN  
et al., 2001), a colonização intestinal pelos esporos requer reinoculação constante, já 
que a população dessas bactérias é reduzida após 24 horas da suplementação 
(HOA et al., 2000). Assim, como não colonizam o trato gastrintestinal, podem 
continuar atuando nas fezes após serem excretadas, fato interessante para os 
tutores que desejam fezes com odor menos fétido.  
A germinação de esporos (evento que resulta na perda de suas propriedades 
específicas) é um processo essencialmente biofísico. Devido ao fato de ocorrer sem 
necessidade de nova síntese macromolecular, o aparelho necessário já está 
presente no esporo adormecido maduro. Os esporos são desidratados e quando 
ingeridos, ao serem expostos a nutrientes específicos (como um aminoácido, açúcar 
ou nucleosídeo, água, por exemplo), irão germinar no intestino delgado, num 
processo que leva apenas alguns minutos, permitindo que a água entre no esporo, 
resultando na retomada do seu crescimento celular vegetativo (MOIR, 2006). 
 
2.5 BACILLUS SUBTILIS E BACILLUS LICHENIFORMIS 
 
Os Bacillus licheniformis estão distribuídos na natureza, sendo considerados 
microrganismos de solo. São encontrados associados principalmente às plantas e 
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materiais de plantas, seus endósporos são disseminados com a poeira (VEITH et al., 
2004).  
Os Bacillus subtilis também podem ser frequentemente isolados no solo 
(MAZZA, 1994). Essa espécie tem sido utilizada na bacterioterapia oral e 
bacterioprofilaxia de desordens intestinais. A ingestão de quantidades significantes 
de Bacilus subtilis restabelece a microbiota normal, principalmente após uso 
prolongado de antibióticos ou em condições de prevalência de diarréia (HOA et al., 
2000).  
A administração de Bacillus subtilis em cães aumentou a consistência fecal e 
reduziu as concentrações de amônia (FÉLIX et al., 2010). O mesmo probiótico foi 
suplementado em cães filhotes com diarréia e PAAP et al. (2016) observaram 
melhoria no quadro clínico e redução no odor das fezes. 
A suplementação com a associação de Bacillus subtilis e Bacillus licheniformis 
diminuiu o escore de diarréia de leitões e reduziu a mortalidade pré-desmame 
(ALEXOPOULOS et al., 2004). A partir destas informações, há evidências de que os 
probióticos representam alternativa para melhorar a saúde, o bem-estar de animais 
de companhia. Não foram encontrados estudos com a utilização de Bacillus 
licheniformis em cães, o que demonstra a importância da realização de futuros 
trabalhos. 
 
3. CONSIDERAÇÕES FINAIS 
 
A suplementação de Bacillus subtilis e Bacillus licheniformis na dieta de cães 
pode apresentar efeitos benéficos à funcionalidade intestinal por meio da modulação 
da microbiota, estimulando o desenvolvimento de microrganismos considerados 
benéficos. O que se reflete em vários parâmetros considerados importantes para 
saúde e bem-estar dos animais, como as características fecais, prevenção de 
doenças. 
O fornecimento de uma alimentação nutricionalmente balanceada – produzida 
com ingredientes de qualidade, aliada a eubiose intestinal, além de contribuir para a 
manutenção da saúde do animal, refletem nas características fecais, como por 




Esses fatores são relevantes para os tutores, que buscam alimentos que 
resultem em fezes com pouco odor e melhor consistência, para facilitar sua 
higienização, haja vista, que cada vez mais os cães estão vivendo dentro das casas.  
Trabalhos com o intuito de elucidar o modo de ação dos probióticos no organismo 
dos animais e para estabelecer a inclusão desses aditivos nos alimentos comerciais, 
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Background: Direct-fed microbials (DFM), such as Bacillus subtilis and Bacillus 
licheniformis, may improve gut functionality of the host by favouring non-
pathogenic bacteria and reducing the formation of putrefactive compounds. The 
aim of this study was to assess the nutrient digestibility, faecal characteristics 
and intestinal-fermentation products in dogs fed diets with Bacillus subtilis and 
Bacillus licheniformis. Sixteen dogs were randomly divided into two groups. 
Every eight dogs were fed with the control diet or the diet with the addition of 
62.5 g of DFM (B. subtilis and B. licheniformis)/ton. Diets were provided 
throughout a twenty-day adaptation period, followed by five days of total faecal 
collection. Nutrient digestibility and the metabolisable energy of the diets, plus 
the dogs’ faecal characteristics and intestinal fermentation products were 
assessed. 
Results: There were no differences in nutrient digestibility (P >0.05). However, 
DFM supplementation improved faecal score and resulted in less fetid faeces (P 
<0.001). DFM inclusion reduced (P <0.05) the biogenic amines concentration: 
putrescine, spermidine and cadaverine, besides the concentration of phenols 
and quinoline. 
Conclusions: The use of B. subtillis and B. licheniformis as DFM reduce the 
concentration of nitrogen fermentation products in faeces and faecal odour, but 
the digestibility of nutrients is not altered in dogs. 







Many complete dog foods have a high protein content in their formulations, 
which can result in high concentrations of undigested nitrogen compounds in the 
large intestine, leading to the formation of putrefactive compounds. These 
compounds include ammonia, biogenic amines, branched-chain fatty acids, 
sulphidric gas, phenols and indoles [1]. Some of these catabolites can negatively 
affect intestinal functionality, contributing to inflammatory processes, such as colitis 
and colon carcinogenesis, as well as the worsening of dogs’ faecal odour [1, 2]. 
Furthermore, the increase in the non-digestible-protein flow that reaches the colon 
provides fermentation substrates to organisms with pathogenic potential, such as 
Clostridium, Salmonella and Escherichia species [3, 4], and can contribute to 
dysbiosis, an imbalance of the intestinal microbiota. 
Thus, the search for nutritional strategies, such as the use of direct-fed 
microbials (DFM) to improve dogs’ intestinal functionality and faecal quality is 
extremely relevant. DFM has been defined by the US Food and Drug Administration 
as the feed product containing the source of naturally-existing live microbes, like 
some bacteria of the Bacillus genus. When supplemented in the diet, these 
microorganisms may favour non-pathogenic bacteria [5, 6]. 
Bacteria of the Bacillus genus, such as the facultative anaerobic species B. 
subtillis and B. licheniformis, have the advantage of sporulation. This characteristic 
makes them more viable in food and resistant to acidic gastric pH [6, 7, 8]. B. subtilis 
and B. licheniformis are commonly found as spores in the soil. The spores are 
dehydrated and when exposed to appropriate nutrients and moisture will germinate in 
the small intestine, resuming their cell vegetative growth [9]. After being excreted, 
these organisms can sporulate again in faeces [7, 10]. 
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Studies have shown that B. subtilis and B. licheniformis can improve faecal 
odour and reduce gas formation in the intestine of dogs [11], prevent necrotic 
enteritis in broilers [12], and reduce diarrhoea in piglets [13]. Since they are viable 
after excretion, these organisms degrade organic matter in the faeces, reduce 
ammonia production [4] and potentially reduce faecal odour. Given the above, the 
aim of the present study was to evaluate diet digestibility, faecal characteristics and 




All dogs remained healthy throughout the experiment. No episodes of vomiting 
or diarrhoea were observed. No differences in DM intake (Control = 201.2 + 4.33 
g/day and DFM = 204.1 + 5.34 g/day) and body weight (Control =10.2 + 1.04 kg and 
DFM = 10.5 + 1.08 kg) were observed between treatments (P >0.05). 
The inclusion of DFM with Bacillus subtilis and Bacillus licheniformis in 
extruded dog diets did not alter (P >0.05) the nutrient apparent total tract digestibility 
(ATTD) coefficients and diet metabolisable energy (ME) (Table 1), faecal DM, 
ammonia, faecal pH, and sialic acid (Table 2), as well as the SCFA and BCFA 
concentrations in the faeces (Table 3). The faecal score, however, was increased 
and the inclusion of DFM resulted in less fetid faeces both in fresh samples and 6 
hours after defecation (P <0.05, Table 4 and Figure 1). According to 82% of the 
evaluators, fresh faeces of dogs consuming the DFM diet were less fetid than those 
from animals consuming the control diet. Similarly, 78% of evaluators considered that 
6 hours after defecation the faeces of dogs consuming DFM were less fetid than 
those in the control group (P <0.05, Figure 1). The concentration of biogenic amines: 
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putrescine, spermidine and cadaverine, as well as phenols and quinoline were 
reduced (P <0.05) with the inclusion of DFM (Tables 5 and 6). 
 
Table 1 Diet ATTD and ME means with or without DFM (n=8). 
Item Control DFM SEM P-value 
ATTD (%)     
Dry matter 79.1 78.8 0.31 0.739 
Organic matter 84.1 83.8 0.25 0.754 
Crude protein 79.9 78.8 0.56 0.281 
Ether extract 86.5 85.6 0.42 0.297 
Ash 43.9 44.2 0.45 0.921 
Nitrogen-free extract 92.9 92.1 0.67 0.892 
ME (kcal/kg)  4034.9 4062.4   10.49  0.199 
ATTD Apparent total tract digestibility, ME Metabolisable energy 
DFM Direct-fed microbials (62.5 mg/kg of diet of a mixture of 3.66x107 cfu/kg Bacillus 












Table 2 Faecal characteristics means of dogs fed diets with or without DFM (n=8). 
Item Control DFM SEM P-value 
Fresh faeces pH 6.32 6.50 0.058 0.128 
After 6 hours pH 6.32 6.31 0.035 0.933 
Fresh faeces moisture (%) 70.04 69.12 0.563 0.434 
After 6 hours moisture (%) 67.39 67.36 0.707 0.981 
Fresh faeces ammonia (g/kg) 0.52 0.50 0.001 0.834 
After 6 hours ammonia (g/kg) 0.73 0.61 0.001 0.897 
Faecal production 0.13 0.12 0.005 0.379 
 
Sialic acid (μmol/g) 2.46 2.47 0.04 0.943 
DFM Direct-fed microbials (62.5 mg/kg of diet of a mixture of 3.66x107 cfu/kg Bacillus 








Table 3 SCFA and BCFA means in faeces of dogs fed diets with or without DFM 
(n=8). 
Item Control DFM SEM P-value 
SCFA (μmol/g)     
Acetic 31.21 33.79 1.118 0.263 
Propionic 27.66 27.16 1.205 0.845 
Butyric 4.78 3.94 0.316 0.193 
Total SCFA 64.33 64.89 1.899 0.887 
BCFA (μmol/g)     
Isobutyric 0.79 0.91 0.035 0.090 
Isovaleric 0.78 0.67 0.044 0.198 
Valeric 0.29 0.31 0.011 0.415 
Total BCFA 1.94 1.87 0.065 0.640 
SCFA short chain fatty acids, BCFA branched chain fatty acids. 
DFM Direct-fed microbials (62.5 mg/kg of diet of a mixture of 3.66x107 cfu/kg Bacillus 











Table 4 Faecal score, odour medians and interquartiles of dogs fed diets with or 
without DFM. 
Item  Control DFM P-value 
Faecal score 4 (3/4) 4 (4/4) <0.001 
Odour fresh faeces 2 (2.0/2.0) 1 (1.0/1.0) <0.001 
Odour after 6 h 2 (2.0/2.0) 1 (1.0/1.0) <0.001 
Faecal score (n=8) 1 (liquid stools) to 5 (dry stools); faecal odour (n=50) 1 (less fetid 
than control) 2 (same as control) and 3 (more fetid than control).   
DFM (Direct-fed microbials) (62.5 mg/kg of diet of a mixture of 3.66x107 cfu/kg 


















Table 5 Biogenic amines (mg/kg) means in faeces of dogs fed diets with or without 
DFM (n=8). 
Item Control DFM SEM P-value 
Tiramine 48.36 46.22 10.770 0.443 
Putrescine 71.24 47.51 9.321 0.025 
Cadaverine 129.87 88.63 18.935 0.050 
Histamine 22.93 23.89 5.280 0.448 
Serotonin 3.20 2.39 0.381 0.057 
Agmatine 0.00 0.00 0.000 1.000 
Spermidine 26.77 19.94 2.451 0.015 
Phenylethynamie 0.55 0.92 0.253 0.147 
Tryptamine 0.51 0.22 0.344 0.272 
Total amines 303.42 209.90 38.301 0.031 
DFM Direct-fed microbials (62.5 mg/kg of diet of a mixture of 3.66x107 cfu/kg Bacillus 












Table 6 Mean percentage of peak areas of more abundant volatile organic 
compounds present in the dogs’ faeces (n=8). 
  Item Control DFM SEM P-value 
Fresh faeces 
Phenols 37.18 18.96 3.13 <0.001 
Quinoline 14.57 3.06 3.14 <0.001 
Indoles 63.32 67.08 2.98 0.548 
After 6 hours 
Phenols 33.48 34.58 2.86 0.855 
Quinoline 7.68 7.33 1.85 0.927 
Indoles 58.83 58.04 3.98 0.929 
DFM (Direct-fed microbials) (62.5 mg/kg of diet of a mixture of 3.66x107 cfu/kg 
Bacillus subtilis and 3.66x107 cfu/kg Bacillus licheniformis)   
 
Figure 1 Points frequency of faecal odour scores attributed by evaluators (n = 50). 1 
= less fetid odour; 2 = same odour and 3 = more fetid odour, as compared to faeces 
of dogs fed the control diet. 
 







This study demonstrates that dietary DFM supplementation reduced the 
concentration of protein fermentation compounds in faeces, resulting in lower faecal 
odour of dogs. However, it did not change diet digestibility. 
The absence of DFM effects on diet digestibility components was similar to 
that observed by Biourge [14] and Pasupathy [15]. The authors found no difference in 
the digestibility of dog diets containing 7.5 × 106 cfu of Bacillus CIP 5832 and 2 × 107 
cfu of Lactobacillus acidophilus. 
Besides nutrient digestibility, faecal characteristics should also be taken into 
consideration in dog-food evaluations. Faecal characteristics can be a reflex of 
intestinal functionality and have become more relevant for pet owners that look for 
dog foods that reduce faecal odour and improve faecal consistency. When compared 
to the control diet, the effect of DFM was reflected by an improvement in faecal 
consistency. These results were also reported by Félix et al. [6], using a 0.01% 
supplement of Bacillus subtilis (C-3102) and Paap et al. [11], using 0.5g/100g 
Bacillus subtilis (C-3102) in diets for dogs. Similarly, when supplement in diet Bacillus 
subtilis and Bacillus licheniformis, Alexopoulos et al. [13] reported a diarrhoea 
reduction in piglets. 
The maintenance of intestinal eubiosis plus SCFA production in the colon can 
explain the increase in faecal consistency [16] with the use of probiotics and DFM in 
the diet. SCFA production by intestinal microorganisms and their absorption by the 
colonocytes stimulate water and electrolyte absorption, as well as increase the 
absorption rate of sodium, responsible for most of the water absorbed in the intestinal 
lumen [17]. Despite this, faecal SCFA concentration was not altered in the present 
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study with the use of DFM. This may be due to the rapid absorption rate of SCFA by 
the intestinal mucosa [1, 18]. 
Likewise, no changes were observed in dogs’ faecal pH, in agreement with 
what has been reported by Swanson et al. [1], Félix et al. [6], and Stercova et al. [19]. 
On the other hand, Feliciano et al. [5] observed a reduction in faecal pH of dogs fed a 
diet containing Lactobacillus spp. The absence of faecal pH alterations of dogs fed 
with Bacillus spp. can be due to the limited ability of the Bacillus genus species to 
produce lactic acid when compared to Lactobacillus [6]. 
Amino acid fermentation catabolites are considered to be the main odoriferous 
components of faeces and can have negative influences on intestinal functionality 
due to their toxicity and their favouring the survival of bacteria with pathogenic 
potential [20, 21, 22]. Several putrefactive compounds can be produced from the 
fermentation of undigested amino acids by deamination, deamination-
decarboxylation or carboxylation [23], with ammonia, biogenic amines, BCFA, 
indoles, phenols, and volatile compounds containing sulphur being the major groups 
[22, 23]. 
In the present study, DFM supplementation decreased the concentration of 
potentially toxic putrefactive compounds for the intestinal mucosa when in high 
concentrations. The reduced compounds were: putrescine, spermidine, cadaverine, 
phenols, and quinoline, which resulted in faeces with less odour, both when fresh 
and 6 hours after defecation. 
Besides these results, the faecal ammonia concentration was not reduced in 
dogs fed the diet containing DFM. Likewise, other studies did not report a same 
pattern among the increase or decrease of all protein catabolites [1, 3, 24]. This may 
be explained by the different nitrogen substrates that generate these catabolites and 
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their different utilization rates by the gut microbiota. Ammonia is produced by 
deamination, while biogenic amines, phenols, and indoles are produced by the 
decarboxylation of amino acids. The amine putrescine, spermidine and cadaverine 
are produced from the decarboxylation of ornithine, methionine and lysine, 
respectively [25]. Phenols and indoles are produced from the fermentation of tyrosine 
and tryptophan, respectively [26]. Since these mechanisms are mediated by 
enzymes produced mainly by intestinal bacteria with pathogenic potential, it is 
possible that DFM influenced the intestinal microbiota, favouring the non-pathogenic 
bacterial population. 
The fact that the odour was still low 6 hours after defecation (simulating what 
usually happens in the home environment) indicates that B. subtillis and B. 
licheniformis have a continuous action in faeces after excretion. According to 
Vainshtein et al. [4], spore-forming Bacillus species produce substances that are 
antagonists to the development of organisms with pathogenic potential (generally 
proteolytic) and produce enzymes that degrade OM present in the excreta, reducing 
ammonia production. These effects can occur both in the gut and the faeces. Still 
according to these authors, Bacillus-genus bacteria have shown major results in 
sanitizing poultry and swine waste. 
Another mechanism that may have contributed to the intestinal microbiota 
balance could be the immunomodulatory action of B. subtillis and B. licheniformis in 
the gut [27], reducing the establishment of organisms with pathogenic potential, 
protecting the villi and the absorption surface against irritating toxins [28], such as 
biogenic amines, phenols and indoles. In a study with broilers, Knap et al. [12] 




Considering the discussion above, dietary supplementation with DFM B. 
subtilis and B. licheniformis has potential beneficial effects in gut functionality in 
dogs. To our knowledge, this was the first study to describe the reduction on biogenic 
ammines, phenols, and quinoline in faeces of dogs fed DFM. Besides, the reduction 
of the faecal odour and improvement in the faecal score are very important 
commercial characteristics, considering the close relation between dogs and their 
owners. Different from conventional probiotics, these DFM may be more effective in 
reaching the colon, considering their ability to form spores and resist to environment 
and gastric pH levels [7, 8]. These characteristics make DFM very interesting for 
practical applications in commercial dog diets. 
Despite these potential benefits, one limitation of the present study was that 
we did not evaluate the faecal microbiota of dogs. Besides, although many studies 
report the toxic effects of higher concentrations of nitrogen fermentative products to 
colonocytes [20, 21, 22], we still have a lack of information of which is the limit 
between the functional and toxic concentrations of these compounds in the gut 
mucosa of dogs. This is important considering that dogs have greater protein 
requirements than humans and it was previously reported that the modulation of 
some polyamines is important to reduce inflammatory processes and cell infiltrations 
in dogs with inflammatory bowel disease and colonic polyps [29]. Thus, further 
studies evaluating the effects of DFM supplementation in faecal microbiota and 
nitrogen fermentative products in dogs are required to better understand their effects 







The inclusion of 3.66x107 cfu/kg of Bacillus subtilis feed and 3.66x107 cfu/kg 
of Bacillus licheniformis feed in extruded dog diets improves faecal consistency and 
odour. It also reduces faecal concentration of compounds produced in protein 
catabolism such as putrescine, spermidine, cadaverine, phenols, and quinoline, 




Animals and housing 
Sixteen adult intact beagle dogs were used (eight males and eight females), 
with an average body weight of 10.3 + 1.07 kg and four years of age. All animals 
underwent previous clinical and physical examinations, were vaccinated, dewormed, 
and individually housed in covered brickwork kennels (5 meters long x 2 meters 
wide), containing a bed and free access to fresh water. The environment temperature 
ranged from 16 °C to 28 °C with a 12-h light–dark cycle (light 6 am–6 pm). All animals 
were brought to the Research laboratory on canine nutrition of the Federal University 
of Parana (Curitiba, PR, Brazil) from Maiorca Kennel (Colombo, PR, Brazil) when 
they were 3-4 months old. 
During most of the diet adaptation period (until the 16th day) dogs had free 
supervised access to an outdoor area for 2h a day. Between days 17-25 the dogs 
were individually housed at the kennels to allow for faecal collection. All dogs 
received extra attention and kennel enrichment during this period. The dogs will be 
donated when they complete 6 years of age. The use of animals for this study was 
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approved by the Ethics Committee on Animal Use from the Agrarian Sciences 
Sector, Federal University of Paraná, Curitiba, PR, Brazil (012/2019). 
 
Experimental diets 
The same commercial diet for adult dogs was divided into two parts and used 
in the experimental treatments. One part (eight dogs, four males and four females) 
was used in the control treatment, with no DFM supplementation, and the other part 
(eight dogs, four males and four females) was used as the test treatment containing 
62.5 mg/kg of a diet with a mixture of Bacillus subtilis (3.66x107 cfu/kg of the diet) 
and Bacillus licheniformis (3.66x107 cfu/kg of the diet) as DFM (PureGro®, DSM, 
Heerlen Netherlands). The diet had the following composition: poultry viscera meal, 
meat meal, corn, soybean meal, poultry fat, swine liver hydrolysate, sodium chloride, 
citric acid, antioxidants (BHT, BHA), propionic acid, vitamin A, vitamin D3, vitamin E, 
vitamin B1, vitamin B6, vitamin B12, vitamin K3, nicotinic acid, folic acid, biotin, 
calcium pantothenate, zinc sulfate, calcium iodate, sodium selenite, copper sulfate, 
iron sulfate, manganese sulfate and zinc oxide. The chemical composition of the 
experimental diets is shown in (Table 7). 
DFM was diluted in poultry viscera oil and used on top of the test diet. The 
same amount of oil, without DFM, was used on the control treatment, ensuring that 







Table 7 Analysed chemical composition of the experimental diets (dry matter basis, 
%). 
Item Control DFM 
Dry matter 91.77 91.51 
Crude protein 21.75 21.12 
Ether extract in acid hydrolysis 9.22 9.04 
Ash 7.02 7.00 
Crude fibre 2.23 2.42 
Calcium 1.18 1.23 
Phosphorus 0.89 0.91 
DFM Direct-fed microbials (62.5 mg/kg of a diet with a mixture of 3.66x107 cfu/kg 
Bacillus subtilis and 3.66x107 cfu/kg of Bacillus licheniformis)   
 
Experimental procedures 
The digestibility assay followed the total faeces collection method as 
recommended by the Association of American Feed Control Official [30]. The diets 
were provided during a twenty-day adaptation period, followed by five days of total 
faeces collection, resulting in a mixture of faeces from each animal. 
The food was provided twice a day (8:30 a.m. and 4:00 p.m.), in amounts 
sufficient to meet the animal’s metabolisable energy (ME) requirement according to 
the National Research Concil [31], where: ME (kcal/day) = 130 x Body weight0.75. 
Water was provided ad libitum. The faeces were collected and weighed at least two 
times per day and stored in individual previously-identified plastic containers, covered 
and stored in a freezer (-14°C) to be analysed later. 
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At the end of the collection period, the faeces of each replicate were thawed at 
room temperature and homogenized separately, forming a composite sample from 
each animal. Faeces were dried in a forced ventilation oven (320-SE, Fanem, São 
Paulo, Brazil) at 55oC for 48 hours or until reaching constant weight. Diets and faeces 
were ground to 1.0 mm in a hammer mill (Arthur H. Thomas Co., Philadelphia, PA, 
USA), using 1.0-mm wire mesh sieves for the bromatological testing (in duplicate and 
with repetitions when the variation was higher than 5%). 
The amounts of dry matter at 105ºC (DM105), crude protein (CP, method 
954.01), crude fibre (CF, method 994.13), ether extract in acid hydrolysis (EEAH, 
method 954.02), and ash (942.05) were determined in both diets and faeces 
according to the Association of the Official Analytical Chemists [32]. The amount of 
gross energy (GE) was established using a calorimetric pump (Parr Instrument Co., 
model 1261, Moline, IL, USA), and organic matter (OM) was calculated by the 
difference between 100 – Ash. Nitrogen-free extract was calculated as 100 – CP – 
Ash – CF – EEAH. 
Faecal characteristics were assessed at the end of the study by analysing the 
total amount of dry faecal matter (DMf), faeces production (g faeces/g DM intake/5 
days), consistency score and odour, pH, ammonia concentration, short-chain fatty 
acids (SCFA), branched-chain fatty acids (BCFA), phenols, indoles, sialic acid, and 
biogenic amines. 
Considering that the faecal-consistency scoring system is a subjective 
evaluation, the sample was always evaluated by the same researcher using a 5-point 
rating scale: 1 = faeces are soft and have no defined shape; 2 = faeces are soft and 
poorly formed; 3 = faeces are soft, formed and moist; 4 = faeces are well formed and 
consistent; 5 = faeces are well formed, hard and dry, according to Carciofi [33]. 
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Faecal odour was evaluated and scored on the 25th day of the experimental 
period. Faeces from three animals per treatment were randomly collected, 
homogenized and the same amounts (5.0 g) were placed in plastic containers of the 
same size and covered with plastic film with holes (same number and size). The 
containers were classified as: A (control diet) and B (DFM diet), so the participants 
would not have information about the treatment. The sensorial analysis was 
performed by 50 evaluators with fresh faeces (up to 30 minutes after defecation) and 
six hours after defecation, with different people at each point in time. In the 
evaluation, sample B with DFM was compared to A (control diet) using the following 
scoring system: 1 = better odour than control (less fetid); 2 = same as control; 3 = 
worse than control (more fetid). 
Faecal pH and ammonia concentrations were analysed in faeces collected up 
to 15 minutes after defecation. Faecal pH was measured in a digital pH meter (331, 
Politeste Instrumentos de Teste Ltda, São Paulo, SP, Brazil) using 3.0 g of fresh 
faeces diluted in 30 mL of distilled water. The ammonia concentration was 
determined according to the method described by Brito et al. [34]. 
Fresh faeces collected up to 15 minutes after defecation were used to 
determine SCFA and BCFA. A properly labelled plastic container with a lid was used 
to weigh 10 g of faeces mixed with 30 mL of 16% formic acid. This mixture was 
homogenized and stored at 4°C for 3 to 5 days. Before the analysis, these solutions 
were centrifuged at 5000 rpm (2K15 centrifuge, Sigma, Osterodeam Hans, Germany) 
for 15 minutes. At the end, the supernatant was separated and centrifuged. Each 
sample underwent three centrifugations and, at the end of the last one, part of the 
supernatant was transferred to a properly identified eppendorff for subsequent 
freezing. Later on, the samples were thawed and centrifuged again at 14000 rpm for 
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15 minutes (Rotanta 460 Robotic, Hettich, Tuttlingen, Germany). Faecal SCFA and 
BCFA were determined by gas chromatography (Shimadzu®, model GC-2014, 
Kyoto, Japan) using a 30-m long and 0.32-mm wide glass column (Agilent 
Tecnologias, HP INNO cera-19091N, Santa Clara, USA). Nitrogen was used as the 
carrier gas at a 3.18 mL/min flow rate. Working temperatures were 200°C at injection, 
240°C in the column (at a 20°C/min rate), and 250°C in the flame ionization detector. 
Phenols and indoles were analysed by chromatography using a GCMS2010 
Plus gas chromatographer (Shimadzu®) coupled to a TQ8040 mass spectrometer 
with an AC 5000 autosampler and a split-splitless injector. Chromatographic 
separations were obtained in the SH-Rtx-5MS (30 m x 0.25 mm x 0.25 μm - 
Shimadzu®) column with a 1.0-mL min-1 flow rate, and helium as the drag gas at a 
5.0 rate. The transfer line and ionization source temperatures were maintained at 
40°C and 220°C, respectively, with the 1-L injection volume in the split mode (1:10 
rate). The GC oven temperature was maintained at 220°C (5 min) with a 40°C/min-1 
increase to 280°C (5 min). Total analysis time was 31 minutes and the mass 
spectrometer operated in the full scan modes (m/z = 40 to 400) and selective ion 
monitoring (SIM), with electron ionization at 70 eV. GCMSsolution® was the software 
used in the data analysis. 
For the sialic acid determination, faeces were lyophilized (Alpha 1-4 LO plus, 
Christ, Osterodeam Hans, Germany) and analysed according to the method 
described by Jourdian et al. [35]. Biogenic amines were analysed according to the 
method described by Urrego et al. [36] in fresh faeces, collected up to 15 minutes 
after defecation. 
The DMf, consistency score, faecal odour, pH, ammonia, phenols and indoles 
were also analysed in the same samples 6 hours after defecation. For the analysis 
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performed 6 hours after defecation, faeces were maintained at room temperature 
(average of 24.5ºC, 84% relative air humidity and in the shade for 6 hours.) 
 
Calculations and Statistical analyses 
Based on the laboratory results, the apparent total tract digestibility (ATTD) 
coefficients and the diet’s ME were calculated according to the Association of 
American Feed Control Official [30]: 
ATTD% = [(g of nutrient intake – g of nutrient excretion)/g of nutrient intake] x 
100. 
ME (kcal/g) = {kcal/g GE intake – kcal/g GE faecal excretion – [(g CP intake – 
g CP faecal excretion) x 1.25kcal/g]} / g of feed intake. 
The experiment had a completely randomized design with two treatments, each 
one with eight replicates, except for faecal odour that had 50 replicates. Each dog 
was considered an experimental unit. The Shapiro-Wilk test was used to determine 
normality of the data and the homoscedasticity of variances was analysed by 
Bartlett’s test. When these assumptions were met, the t-Student’s test was used at a 
5% significance level. The non-parametric data were analysed by the Mann-Whitney-
Wilcoxon test (P <0.05). The frequency of faecal odour scores was analysed by the 
chi-square test (P <0.05). 
 
Abbreviations 
DFM: Direct-fed microbials; ME: metabolisable energy; CP: crude protein; EEAH: 
ether extract in acid hydrolysis; DM: dry matter; DMf: dry faecal matter; GE: gross 
energy amount; OM: organic matter; SCFA: short-chain fatty acids; BCFA: branched-
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